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Introduction
Primary liver cancer (LCa) is estimated to be one of the most common cancers worldwide, as well as one of the most common causes of cancer-related mortality. In the United States, LCa represents the fifth most common cancer deaths in men and the eighth most common deaths in women [1] . Hepatitis C virus infection is the leading cause of LCa in the United States, whereas hepatitis B virus infection is the leading cause worldwide, particularly in regions of Asia and Africa [2] . Other relevant risk factors consist of heavy alcohol drinking, tobacco, overweight, metabolic syndrome, and selected aspects of diet [3] [4] [5] [6] [7] . In countries without nationwide LCa surveillance programs, up to 30%-35% of patients present with macrovascular invasion and/or extrahepatic spread at initial diagnosis and the most common sites of distant metastasis are lungs, bones and adrenal glands [8] [9] [10] [11] . The survival time of untreated metastatic LCa rarely exceed 62 days (IQR, 31-153 days) [12] . As a multi-kinase inhibitor, sorafenib, has become the standard treatment for metastatic LCa patients [13] . However, among patients with decompensated cirrhosis, the median survival benefit was 31 days, and it was not cost-effective (ICER, $224,914 per life year gained) [12] . One of the main issues related to the cost of LCa is that treatments and testing do not equate with equivalent benefit. Hence, further understanding of outcome of LCa, especially metastatic LCa, might help make suitable medical decision and save the unnecessary expend on the LCa.
However, to date little attention has been focused on the prognostic significance of distant metastatic patterns of LCa patients at the initial diagnosis. Since knowledge of prognosis of these patterns is crucial for pre-treatment evaluation, our study aimed to describe the distant metastatic site, frequency of occurrence and pattern of these metastases based on a large population using SEER database. In addition, with the considerable advances in treatment for LCa, such as surgical resection, percutaneous ablation, transcatheter arterial chemoembolization (TACE), and liver transplantation, the survival of LCa patients has improved much in recent years [14] [15] [16] [17] [18] . As a result, likelihood of encountering distant metastases from early stage LCa is rising. Hence, understanding the prognosis of different distant metastatic pattern in LCa patients at initial diagnosis would provide more evidence for precise medicine for metastatic LCa patients developed from early stages after diverse treatments.
Materials and methods

Database and patient selection
The Surveillance, Epidemiology, and End Results (SEER) program is a United States population-based cancer registry that began in 1973 and is supported by both the National Cancer Institute and Centers for Disease Control and Prevention. A total of 18 population-based cancer registries in the United States were included in the current SEER database. We totally choose 37526 cases according to the following criteria: (1) pathologically confirmed LCa with active follow-up and confirmed age. 
Statistical analysis
Frequency distribution of demographic and clinicalpathogical characteristics across metastatic groups were compared using Pearson' s Chi-square tests. Primary end points include overall survival (OS; defined as the time from diagnosis till death due to any reason) and cancer-specific survival (CSS; defined as the time from diagnosis till death due to LCa). The Kaplan-Meier analyses were used to generate the survival curves and the Log Rank test was applied to analyze the differences among the curves. Adjusted HRs with 95% CIs were calculated using Cox proportional hazard regression models to estimate prognostic factors. All statistical tests were 2-sided, and P<0.05 was considered statistically significant. The statistical software SPSS 22.0 was utilized for all data analyses.
Results
Patients' characteristics and frequency difference of different metastases pattern
A total of 37526 eligible cases were retrieved in the SEER database. Among these patients, stage of IV LCa accounted for 14.80%(5555/37526) at initial diagnosis. The SEER database only offered metastatic information of bone, brain and lung. Patients who suffered metastasis to either one of these four organs occupied 55.61%(3089/5555). Table 1 summarised the distribution of clinical characteristics of these patients. Age at diagnosis had substantive differences across the bone metastasis and lung metastasis groups (both, P<0.05). The distribution of race, histological grade and insurance status among patients with bone metastasis and without bone metastasis was significantly distinguishing (P<0.05). Similar phenomenon was observed in lung metastasis (P<0.05) while not in brain metastasis (P>0.05). As shown in Table 1 , there were a series of significant differences among the three groups of patient samples including nodal status, T-stage, and marital status (all, P<0.05).
The metastatic pattern of LCa was presented in Table 2 . There were 7 possible metastatic forms, including 3 single metastases and 4 combinations of metastases. Among patients with single metastasis, we found that lung was still the most common site of metastasis for LCa (30.20%), followed by bone (17.8%) and brain (0.70%) metastasis. As for two sites, the combination of bone and lung metastases occupied most achieving to 5.65%.
Univariate and multivariate survival analysis of patients with four single metastases
Moreover, we conducted univariate analysis (Table 3) to evaluate the impact of single metastases and baseline characteristics on OS and CCS. As was shown, metastatic sites had significant impact on OS and CCS (both, P<0.05). Comparing with other two single metastases, the patients with brain metastasis exhibited worst OS whose mean of survival was 4.758 months. As for CCS, patients with lung metastasis exhibited worst OS whose mean of survival was 7.875 months. Further multivariate analysis with Cox hazard regression model showed that metastatic site was an independent prognostic factor for both OS and CCS (P<0.05) ( Table 4 ). Univariate analysis showed that N-classification was significantly associated with OS (P<0.05) and CCS (P<0.05) while only with OS (P<0.05) in multivariate model. In addition, other factors including T-stage, differentiated grade and marital status were all distinctly correlated with OS and CCS in both univariate and multivariate model (all, P<0.05). Fig 1 exhibited the survival curves generated by Kaplan-Meier analyses using univariate model.
Univariate and multivariate survival analysis of patients with different combinations of metastases
Patients with two metastatic sites had 3 forms, including bone with brain metastasis, bone with lung metastasis and brain with lung metastasis. The univariate analysis results showed that metastatic pattern was associated with OS (Bone and brain metastasis: 8.640 months; Bone and lung metastasis: 4.107 months; Brain and lung metastasis: 2.542 months; P = 0.038) and CCS (Bone and brain metastasis: 11.437 months; Bone and lung metastasis: 5.553 months; Brain and lung metastasis: 3.810 months; P = 0.035) of patients (S1 Table) . In multivariate model analysis, the results showed that the patients with combination of brain and lung had the worse OS than combination of bone and brain (HR, 2.002; 95% CI, 1.081-3.707; P = 0.027). As for CCS, the patients with bone and brain had the best outcome in the three patterns with two sites (Bone and lung: HR, 1.730, 95% CI, 1.002-2.986, P = 0.049; Brain and lung: HR, 1.322, 95% CI, 1.117-4.508, P = 0.023) (S2 Table) . Survival curves for these 3 forms of metastases using Kaplan-Meier method was shown in Fig 2. 
Discussion
In contrast to declining trends of other common cancers in mortality, death rates rose from 2010 to 2014 by almost 3% per year for LCa, particularly for metastatic patients with 5-year relative survival rates of 3.1% [1, 19] . Metastatic LCa represents a heterogeneous disease; clinical outcomes are highly variable and depend on the underlying tumor biology and patient characteristics [20, 21] . The prognostic influence of metastasis at initial diagnosis and factors associated with specific organ involvement have been understudied [22, 23] . Nevertheless, there was still no study that focused on the prognosis of different distant metastases pattern in LCa. A better understanding of patterns of metastases would be valuable to assess prognosis, select appropriate treatments, and determine disease monitoring. In our retrospective study, we observed that LCa predominantly metastasize to lung in single metastasis which is in line with previous studies [23] [24] [25] . Studies have already indicated that brain is the least common distant metastatic organ in LCa patients [26, 27] . Consistent with these studies, our results also showed that brain also was the least common metastatic site in all LCa. As for bone metastasis, we found this pattern occupied 17.8% of all, which is lower than 25.5% to 38.5% reported by previous studies [28, 29] . Referring to demographics and clinical features of patients, we found that that elder people seemed to suffer bone and lung metastases more frequently at diagnosis except for brain metastasis. We also found that black people was associated with more involvement of bone, and lung metastases than white people. Of note, we found that uninsured patients had more metastases to bone, brain, and lung than insured patients. Similar phenomenon was observed in aspect of marital status. In addition, patients with lymph node positive, high tumor stage and poorly differentiated histological grade were more inclined to suffer distant metastases.
We also made some findings in survival analysis. First, in multivariate survival analysis of patients with three single metastases, the OS and CCS of isolated bone metastases were the best. Outcome of patients with lung metastasis was worse than patients with bone metastasis. Hence, the presence of lung metastasis was an indicator of poor survival for primary LCa. The multivariate analysis revealed that patients with lymph node positive plus either one of other Advanced liver cancer and prognosis three metastases had worse overall survival than those with only distant organ metastases. Several studies reported that tumor cells metastasizing only to lymph nodes might specific epigenetic modifications that could prevent them spread to visceral organs [30, 31] . Recent two studies from American and Austria have confirmed that tumor cells in lymph node could spread into vascular circulation and metastasize to distant organ [32, 33] . This indicated that the tumor cells in lymph node of patients with both lymph node and distant organ metastases had a more aggressive phenotype [34] . Hence, we should focus on both distant organ metastases and lymph node status in clinical practice. In addition, poorer differentiated grade was associated with worse OS and CCS. Some LCa patients developed more than one metastatic site, and few studies have reported on the combination of metastasis in these patients. In our study, metastasis to two sites most commonly involved the lung and bone achieving to 5.6%. In survival analysis of patients with combination of two metastatic sites, we found that patients with bone metastases plus either one of other two organ metastases had better OS and CCS than those without bone metastases. This implied that visceral metastases resulted in shorter survival than bone metastases, which was also confirmed in univariate and multivariate survival analysis of patients with only one metastasis. Our study also indicated that patients with two metastatic sites, where one of them is the lung tends to have a slight trend to a worse outcome. We therefore believe that it is important to classify patients with two metastatic sites involving the lung in order to improve the prognosis or treatment value in these specific patients.
Despite valuable findings above, there are several limitations in our study due to the retrospective nature. First, metastases to only the brain, bone and lung were included in the study. Metastasis to the adrenal glands or other metastasis sites may also influence the prognosis of LCa. Second, due to the absence of information on chemotherapy or targeted therapy included in the SEER database, their effects on survival could not be evaluated. This may cause a certain bias in our results. Third, some types of imaging that was done for patients might ignore potential distant metastases. The SEER database didn't offer the information of the type of imaging, which could lead to bias.
Conclusion
Lung is the most common site of single metastasis for LCa. Importantly, our results identify that metastases to the lung alone or in combination with other organs indicated a worse outcome for patients with distant metastasis. Information on the prognostic impact of different sites of metastases would provide more evidence for precise medicine and individualized therapy. 
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